Haemophilus parainfluenzae, Pasteurella haemolytica, and Pasteurella multocida were isolated and examined semiquantitatively for 19 enzyme activities by using the API ZYM micromethod. The enzyme contents of vesicles and fragments were compared with the enzyme contents of whole cells of the same organisms. Enzymic data were analyzed by using principal-component analysis and soft independent modeling of class analogy. This technique allowed us to distinguish among the closely related organisms A . actinomycetemcomitans, H . aphrophilus, and H . paraphrophiius. A. actinomycetemcomitans was divided into two groups of strains. A . lignieresii  fell outside or on the border of the A . actinobacillus class. A . ureae, H . injluenzae, H. parainjluenzae, P .  haemolytica, and P. multocida fell outside the A . actinomycetemcomitans, H . aphrophilus, and H . paraphrophilus classes.
Organisms belonging to the Actinobacillus-Haemophilus-Pasteurella group, which constitute the family Pasteurellaceae, have assumed increasing clinical importance in medicine and dentistry over the last few years (see references 30, 34, 38, 39) . Unfortunately, generic separation in this family has been questioned, and with conventional biochemical tests it can be difficult to distinguish among the sometimes confusingly similar species of these genera. This particularly applies to Actinobacillus (Haemophilus) actinomycetemcomitans, Haemophilus aphrophilus, and Haemophilus paraphrophilus. Therefore, additional criteria should be sought to assist in the taxonomic separation of organisms belonging to the Actinobacillus-Haemophilus-Pasteurella group.
Like a number of other gram-negative rod-shaped bacteria, organisms belonging to the genera Actinobacillus, Haemophilus, and Pasteurella form budding extrusions (extensions of the outer membrane) which can be either attached to the bacterial cell surface or released to the environment during growth (16, 19, 23, 25, 35) . These structures are referred to below as outer membrane vesicles or outer membrane fragments. They serve as vehicles for toxins and enzymes (for a review, see reference 24), and their small sizes (21 to 500 nm) permit them to cross epithelial barriers that are impermeable to whole cells.
The aim of this study was to examine whether the enzymic contents of vesicles and fragments and the enzymic contents of whole cells, as determined by using the API ZYM micromethod, can be used for taxonomic distinction among members of the Actinobacillus-Haemophilus-Pasteurella group. Previously, the API ZYM method has been used to distinguish whole cells of A . actinomycetemcomitans, Actinobacillus lignieresii, and H. aphrophilus (29) . Another purpose of this study was to determine whether the enzyme contents of vesicles and fragments differed from the enzyme contents of whole cells within the same species.
The enzymic characterization data were treated statistically by using multivariate analyses. We have previously used such methods as auxiliary techniques to define the following bacterial and yeast genera: Actinobacillus, Haemophilus, and Pasteurella (6, 11) ; Porphyromonas (3, 8, 9) ; Prevotella, Bacteroides, Campylobacter, and Wolinella (2, 8, 9); Treponema (4); and Candida, Torulopsis, and Saccharomyces (7, 10).
MATERIALS AND METHODS
Bacteria. The bacterial species and strains which we used and their sources are shown in Table 1 . The organisms were cultured in an atmosphere containing 80% N,, 10% H,, and 10% CO, at 37°C for 3 days. Each cell culture was divided into two parts; one part was used for isolation of vesicles and fragments that were assessed enzymically, and the other part was used for enzymic assessment of whole cells. In order to remove vesicles and fragments attached to whole-cell surfaces, a light ultrasonic treatment was performed before enzymic registration.
Collection of outer membrane vesicles and fragments. The outer membrane vesicles and fragments were obtained after ammonium sulfate precipitation, differential centrifugation, and dialysis (14) . Briefly, cells from 0.5 liter of a 3-day culture of bacteria were collected by centrifugation at 10,000 X g for 15 min. Then, over a period of 2 h, 120 g of ammonium sulfate (May & Baker, Ltd., Dagenham, England) was added to the culture supernatant (40% saturation). After a second centrifugation at 20,000 x g for 40 min, the resulting pellet was suspended in 15.0 ml of 50 mM Tris buffer (pH 9.5) containing 0.5 mM dithiothreitol (Sigma Chemical Co., St. Louis, Mo.). This suspension was dialyzed for 16 h at 4°C against 3 liters of the same buffer. The vesicles and fragments obtained were then collected by centrifugation at 27,000 x g for 40 min and resuspended in 5 ml of 50 mM Tris buffer (pH 7.2) containing 0.5 mM dithiothreitol. After a final centrifugation at 27,000 x g for 40 min, the vesicles and fragments were resuspended in 1.0 ml of Tris buffer (pH 7.2) and kept at -20°C. The method described above provided membrane fragments (14) ; the generation of these fragments may have been related to the natural shedding of cell wall components during bacterial growth or to successive treatments during preparation. The use of Tris buffer at pH 9.5 increased solubilization and thus aided specific isolation of the vesicles by centrifugation (14) .
Enzymic assessment. We used the API ZYM semiquantitative micromethod system (API System-La Balme, Les Grottes, Montalieu, France), which allows rapid determination of 19 enzymic reactions in a complex, unpurified sample. Each enzyme strip was assayed, by using appropriate chromogenic substrates, for alkaline phosphatase, esterase, esterase-lipase, lipase, leucine arylamidase , valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, P-galactosidase, P-glucuronidase, a-glucosidase, P-glucosidase , N-acetyl-P-glucosaminidase , a-mannosidase , and a-fucosidase. The API ZYM strips were inoculated, incubated, and read according to the manufacturer's directions. The enzymic tests were carried out aerobically after inoculation with 65 r~.l of vesicles and fragments or whole bacterial cells emulsified in 2 ml of sterile, distilled water to a turbidity between McFarland no. 5 and 6 standards. All tests were performed three times by using material collected from cultures obtained on different days.
Statistical analyses. The statistical analyses were based on mean scores from three experiments. In this study the following two multivariate approaches were used: principalcomponent analysis (18, 37) and soft independent modeling of class analogy (SIMCA) (36) . In the principal-component method the original space for variable measurements is projected down onto two low-dimension subspaces. One of these is sample related, and the other is variable related. This projection also decides which of the variables contributes most to the sample-related projection. The complexity of both models was determined by cross-validation (36, 37) . The approximate class borders for the SIMCA analysis were constructed by using an F test.
RESULTS
API ZYM data. The vesicles and fragments and the whole bacterial cells obtained from 33 bacterial strains and assessed in three independent experiments by using cultures produced on different days were negative for the following enzyme activities: lipase, trypsin, chymotrypsin, a-galactosidase, P-galactosidase, P-glucuronidase, P-glucosidase, N-acetyl-P-glucosaminidase, a-mannosidase, and a-fucosidase. The results of the enzymic reactions for the bacterial strains in the tests for the nine remaining enzymes are shown in Table 2 (vesicles and fragments) and in Table 3 (whole cells). H. aphrophilus and H . paraphrophilus produced a-glucosidase, while A . actinomycetemcomitans, A . lignieresii, Actinobacillus ureae, Haemophilus influenzae, Pasteurella haemolytica, and Pasteurella multocida did not. Minor differences were occasionally found between the enzymic profiles of vesicles and fragments and the enzymic profiles of whole cells for specific organisms. In such cases the activity tended to be highest in the whole-cell preparations. This was particularly observed with leucine arylamidase, the activity of which was consistently high in the whole-cell preparations and usually absent in the vesicle and fragment preparations.
Statistical analyses. In the principal-component analysis, the enzymic data for membrane vesicles and fragments and the data for whole cells were combined. The two first principal-component score vectors (tl and t2) were plotted against each other (Fig. 1) . This sample-oriented (Lee, bacterial strain-oriented) projection described the two largest variants of the data matrix. In this projection the A . actinomycetemcomitans strains constituted a heterogeneous group. While samples 2 to 4, 6, and 7 of A. actinomycetemcomitans formed a distinct cluster of organisms that was well separated from other organisms, including H . aphrophilus ( In the sample-oriented projection shown in Fig. 2 only samples from A. actinomycetemcornitans strains (samples 1 to 9) and H. aphrophilus strains (samples 10 to 16) were included. The heterogeneity of A. actinomycetemcornitans was again apparent, with samples 2 to 4, 6, and 7 clustering at a distance from samples 1, 5 , 8, and 9, which were fairly close to the type strain of H. aphrophifus (sample 16). The other H . aphrophilus samples were more distant from A.
actinomycetemcomitans.
The SIMCA analysis demonstrated that none of the samples in the A. actinomycetemcomitans class (class 1, samples 1 to 9) fell within the 95% confidence limits of the H. aphrophilus class (class 2, samples 10 to 16) ( Fig. 3) . In the SIMCA analysis shown in Fig. 4 a Enzymic activity was scored as negative (0). weak (l), or strong (2). The results of three experiments run on different days are shown.
DISCUSSION
In this study, in which we used multivariate statistical analyses of enzymic data obtained by using the API ZYM micromethod and outer membrane vesicles and fragments, as well as whole cells, we distinguished the closely related  species A . actinomycetemcomitans, H . aphrophilus, and H . paraphrophilus. In previous studies performed with whole cells the authors concluded that the API ZYM method is a simple, rapid, and reproducible micromethod which may serve as a valuable adjunct to traditional biochemical testing in identifying bacteria (15, 20, 29) . Our findings support this contention. However, both the accuracy and the predictability of the API ZYM method were strengthened by subjecting the enzymic data obtained to multivariate statistical analyses. Previously, we have used multivariate analyses as auxiliary techniques for the chemotaxonomy of bacteria and fungi ( 2 4 , 6 1 1 ) .
A . actinomycetemcomitans and i?. aphrophilus formed two classes of bacteria that were separated by 95% confidence limits, as demonstrated with the SIMCA test, and H . paraphrophilus fell outside both of these classes. A . actinomycetemcomitans also fell outside the confidence limits of the H . aphrophilus and H . paraphrophilus classes. We studied too few samples of A . lignieresii, A . ureae, H .  injluenzae, H . parainfluenzae, P . haemolytica, and P . multocida for these organisms to be used as bases for separate class models. However, all of the samples of these bacteria fell outside the A . actinomycetemcomitans, H . aphrophilus,  and H . H . paraphrophilus (13) . In other studies it was not possible to differentiate between H . aphrophilus and H . paraphrophilus on the basis of biochemical characteristics, DNA-DNA homology data (32), DNA-DNA hybddization data, or genetic transformation data (33). In this study we demonstrated that there is heterogeneity among organisms belonging to A. actinomycetemcomitans, which consists of two groups of strains. One group contains 1.
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8. A . actinomycetemcomitans,  A . lignieresii, A . ureae, H . influenzae, H . parainfluenzae, P . haemolytica, and P . multocida, see the legend to Fig. 3 . (26) and on the basis of free cellular fatty acid contents (5) . Subgroups of A . actinomycetemcomitans have also been established after cluster and multidimensional scaling analyses of phenotypic features (32) . Furthermore, different biotypes, serotypes, leukotoxic groups, and protein profile groups have been described for this species (1, 12, 17, 22, 27, 31) . We did not detect P-galactosidase activity in any of the preparations derived from the H . aphrophilus, H . paraphrophilus, or A . Eignieresii strains. This finding deviated from previous results (29). All of these species are considered lactose fermenters, although A . lignieresii ferments lactose slowly. The enzyme profiles were the same whether the cells were sonicated or not. Quality control of our media, strips, and reagents based on the use of Bacteroides uniformis (Bacteroides thetaiotaomicron) ATCC 8492, P-glucosidase (Sigma), and a-chymotrypsin (Sigma), as recommended by the manufacturer, gave the expected results. Furthermore, the type strain of H . aphrophilus, strain ATCC 33389, and A. lignieresii ATCC 19393 were reordered from the American Type Culture Collection and retested for enzymic activity by using the API ZYM system, and the results were similar to the results obtained in our first series of experiments. Although the substrate which we used, 2-naphthyl-P-~galactopyranoside, and o-nitrophenyl-P-D-galactopyranoside are different, they may both be split by a P-galactosidase. It is also known that a given p-galactosidase may split only one of these substrates. Since the results of the P-galactosidase test did not conform with the expected reactions  for H . aphrophilus, H . paraphrophilus, and A . lignieresii , the API ZYM test should probably be supplemented with the o-nitrophenyl-P-D-galactopyranoside test or by a conventional lactose fermentation test for more reliable diagnosis of lactose fermenters.
Since the semiquantitative API ZYM method does not require standardized inocula according to the protein contents of the microbial suspensions to be assessed, care should be taken in the interpretation of the relative differences between the enzyme activities of membrane vesicles and fragments and the enzyme activities of whole cells from the same bacterial strain. Nevertheless, it was noteworthy that the activity of leucine arylamidase was consistently high in whole cells and usually absent in vesicles and fragments. For comparison, membrane vesicles of Porphyromonas (Bacteroides) gingivalis had a protease profile identical to that of whole cells (14) .
